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TITLE OF THE INVENTION 
AIR CONDITIONING SYSTEM 

BACKGROUND OF THE INVENTION 
[0001] This invention relates to an air conditioning system and more particularly 
to such a system for an aircraft. 

[0002] It is a requirement in an aircraft to supply cool air to a pressurised cabin 
thereof. Usually the cabin air is recirculated with some of the air being Refreshed 
by air obtained from the exterior of the aircraft. 

[0003] Typically such external air is bled from an engine of the aircraft and is 
thus pressurised. Such air requires filtering and cooling before being mixed with 
recirculating air for introduction into the aircraft cabin for breathing and for the 
maintenance of comfortable conditions. 

DESCRIPTION OF THE PRIOR ART 
[0004] It is known to cool the air by exchanging heat in the hot pressurised air 
with cooler ambient air. This may efficiently be achieved by first compressing the 
bled air to increase its temperature and pressure before cooling the air. Also it is 
known to cool the air fiirther by expanding the air over an expansion turbine, which 
also results in some pressure loss in the compressed air. 
[0005] With conventional systems, hot cabin air is ejected from the air 
conditioning system and loss of volume is made up by the cooled conditioned bleed 
air. Thus the heat energy of the hot cabin air which is ejected, is wasted. 
[0006] Especially where an aircraft is parked on the ground in hot climatic 
conditions, the cabin air may become very hot and using a conventional air 
conditioning system, it may take some time after the air conditioning system is 
started up, e.g. when the aircraft engine or engines are started, or when a ground 
based support unit is used to provide air to the air conditioning system, for the cabin 
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air to be cooled to a desirable temperature. Thus a considerable amount of heat 
energy may be wasted. 

[0007] More particularly, the present invention relates to an air conditioning 
system for an aircraft in which cabin air is recirculated and mixed with cold air 
from an air conditioning machine which includes at least one expansion turbine 
over which warm pressurised air is expanded and cooled, and wherein the system 
includes a load heat exchanger in which a heat load from hot cabin air is exchanged 
with the warm pressurised air prior to the pressurised air being expanded by the 
expansion turbine. In such a system, w£iste heat in the cabin air may usefully be 
employed to provide energy to improve the cooling efficiency of the expansion 
turbine. 

SUMMARY OF THE INVENTION 
[0008] According to one aspect of the present invention, we provide an air 
conditioning system for an aircraft, in which cabin air is recirculated and mixed 
with cold air from an air conditioning machine which includes at least one 
expansion turbine over which warm pressurised air is expanded and cooled, and 
fiirther includes a heat load exchanger in which a heat load from hot cabin air is 
exchanged with the warm pressurised air prior to the pressurised air being expanded 
by the expansion turbine; and wherein there is a condenser heat exchanger in which 
recirculating cabin air is brought into heat exchange relationship with the warm 
pressurised air to cool and promote water removal therefrom prior to its being 
expanded by the expansion turbine. 

[0009] Thus in a system in accordance with the present invention heat recovery 
is improved and water contained in the warm pressurised air may be removed. One 
advantage of the removal of water from the warm pressurised air before it is 
expanded and cooled in the expansion turbine is that the formation of any droplets 
of water in the pressurised air as a result of its compression can cause damage to the 
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blading of the expansion turbine, which typically turns at some tens of thousands of 
rpm. 

[0010] The recirculating cabin air may pass through the condenser heat 
exchanger, to cool and remove water from the warm pressurised air, after it has 
passed through the load heat exchanger to give up heat to the pressurised air. 
[0011] Alternatively the recirculating hot cabin air may pass through the 
condenser heat exchanger, to cool the pressurised air and remove water therefrom, 
before it passes through the load heat exchanger to give up heat energy to the 
pressurised air. 

[0012] The system may be selectively operable in either of the above modes. 
[0013] The pressurised air may be derived from an engine of the aircraft ("bleed 
air") in which case it will be hot and pressurised and thus require cooling before 
being mixed with recirculating air for introduction into the aircraft cabin. It may 
firstly be cooled by exchanging heat with ambient air which is caused to flow 
through at least one heat exchanger through which the bleed air is passed as a 
consequence of the aircraft's motion ("ram air") or by the use of a fan or fans 
(which may be driven by the expansion turbine). 

[0014] The water removed from the warm pressurised air may be delivered, e.g. 
in the form of a spray, into the ambient air prior to the heat exchanger(s) which first 
cools the bleed air, to assist the cooling of the latter. 

BiaEF DESCRIPTION OF THE DRAWINGS 
[0015] Embodiments of the invention will now be described by way of example 
with reference to the accompanying drawings, of which: 

[0016] FIGURE 1 is an illustrative diagram of an air conditioning system in 
accordance with the invention; 

[0017] FIGURE 2 is an illustrative diagram of a modified version of the air 
condition system; 

[0018] FIGURE 2a shows a modification of the system of Figure 2. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0019] Referring to Figure 1 of the drawings, an air conditioning system 10 for 
an aircraft includes a ram air inlet 1 1 through which ambient air is introduced to the 
system 10 when the aircraft is in flight, the ram air generally being driven into the 
system 10 due to the movement of the aircraft through the air. 
[0020] The system 10 further includes another air inlet 12 for air bled from the 
engine. Such bleed air is hotter than the ram air, and is pressurised. 
[0021] The hotter bleed air from inlet 12 is fed to a primary heat exchanger 16 
where heat is exchanged with the cooler ram air from ram air inlet 1 1 . The cooler 
ram air from ram air inlet 12 is also used to cool hot air in a secondary heat 
exchanger 18 as hereinafter described. The thus warmed ram air then returns to 
ambient, if desired, with the assistance of fans 19, 20 as hereinafter described. 
[0022] The fans 19, 20 will assist in drawing in ram air through ram air inlet 1 1, 
particularly when the aircraft is on the ground e.g. as the aircraft taxiing. 
[0023] The air conditioning system 10 includes a two stage compressor/turbine 
arrangement. In a compressor section of the system 10, the cooled bleed air is first 
fed from the primary heat exchanger 16 via a duct 22 to a low pressure compressor 
23 which thus pressurises and causes heating of the bleed air. From the low 
pressure compressor 23 the pressurised and heated air is fed along a duct 24 to a 
high pressure compressor 25 where the air is fiirther pressurised and heated. 
[0024] The resulting high pressure and hot air is passed to the secondary heat 
exchanger 18 along a duct 27, and from the secondary heat exchanger 18 the 
cooled, now warm high pressure air passes along a duct 29 to a cooling section of 
the system 10. The warm pressurised air is fed from duct 29 to a condenser heat 
exchanger 130 followed by (optionally) a water separator 31. In the heat exchanger 
130 the warm pressurised air is cooled for a purpose hereinafter explained and this 
cooling causes the separation of water therefrom. Such water separation is effective 
at the high pressure of the pressurised air. 
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[0025] The warm pressurised air is then fed via a duct 32 to a first, high 
pressure, expansion turbine 34 where the warm pressurised air expands and is 
cooled. From the high pressure turbine 34, the cooled but still warm lower pressure 
air is passed along a duct 35 (possibly including a further water separator (not 
shown) further to dry the air), and the medium pressure dried air then passes via a 
load heat exchanger 38 where the air is warmed, via a duct 140 to a second (low 
pressure) expansion turbine 41, where the air is further and substantially cooled and 
its pressure reduced. The cold air passes from the second expansion turbine 41 via a 
duct 42 to a mixing box 43 from which air is supplied to an aircraft cabin 44, 45. 
Two ducts are shown leading from the mixing box 43 to respective parts of the 
cabin 44, 45, e.g. a main cabin part and the aircraft's flight deck. 
[0026] Air is recirculated from the aircraft cabin 44, 45 via a recirculating loop 
including a duct 62, with a fan 60, and a duct 66 leading to the mixing box 43, in 
which the recirculating cabin air is mixed with the cold air from the duct 42. An 
outlet for a portion of the air from the cabin 44, 45 to ambient atmosphere is 
indicated at 47, including a valve for controlling such outlet. 
[0027] In this example, the low pressure compressor 23 and the second low 
pressure turbine 41 are carried on a common shaft 5 1 such that the compressed air 
expanding across the turbine 41 drives the low pressure compressor 23. 
Furthermore one of the fans 20 which is effective to eject warmed ram air from the 
system 10 is also provided on the shaft 5 1 and is thus driven by the expanding 
compressed air. 

[0028] The first high pressure expansion turbine 34 is carried on a shaft 50 on 
which the high pressure compressor 25 and other fan 19 are carried so that the high 
pressure compressor 25 and fan 19 are driven by the pressurised air expanding 
across the first turbine 34. 

[0029] It can be seen from the drawing that in the compressor section of the 
system 10 there is a valve controlled by-pass 53 from the duct 22 past the first 
compressor 23, to the duct 24 between the low pressure compressor 23 and the high 
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pressure compressor 25, and a further valve controlled by-pass 54 from the duct 24 
to duct 27 past the high pressure compressor 25, so that the high pressure 
compressor 25 can be by-passed as permitted by the valve. Also, there is a valve 
controlled by-pass 55 from the duct 27 to the duct 29 past the secondary heat 
exchanger 18. 

[0030] In the cooling section of the system 10 there is a valve controlled by-pass 
56 from the duct 32 past the first high pressure turbine 34 to the outlet of the turbine 
34, a valve controlled by-pass 57 from the duct 29 from the secondary heat 
exchanger 18 to the outlet duct 35 past the first high pressure turbine 34, and a 
valve controlled by-pass 58 from the duct 140 past the second expansion turbine 41, 
to the cold air duct 42 from the second expansion turbine 41 . 
[0031] The valves of the by-passes 53, 54, 55, 56, 57, 58 may be operated by a 
system controller (not shown in Figure 1) to balance the system 10 in various 
operating conditions, and to ensure that the cold air entering the mixing box 43 is of 
a desired temperature and pressure. If desired, the valves in by-passes 53, 54 may 
be simple check valves. 

[0032] It will be appreciated that when the aircraft is on the ground particularly 
in hot climates, the cabin temperature can rise significantly, for example to 55^C. 
Conventionally upon system start-up such hot cabin air has simply been recirculated 
imtil the air is cooled by mixing with cold air in the mixing box 43, to a desired 
cabin 44, 45 temperature. Thus the heat of the cabin air is lost from the system 10. 
A proportion of the air in the cabin 44, 45 may be ejected to ambient as indicated 
through the outlet 47, so that a proportion of the cabin air 44 is refreshed by the air 
from the air conditioning system 10. 

[0033] The system 10 provides a means for recovery of heat energy from hot 
cabin air. 

[0034] Cabin air is recirculated from the cabin 44, 45 with fan 60 assistance, and 
the hot cabin air first passes via the duct 62 to the load heat exchanger 38 through 
which the medium pressure air from the first expansion turbine 34 passes. Thus heat 
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from recirculating the hot cabin air is used to warm the cooled medium pressure air 
prior to passing to the second expansion turbine 41. 

[0035] After the load heat exchanger 38, the recirculating cabin air passes 
through the condenser heat exchanger 130 in which it cools the warm pressurised 
air delivered along the duct 29. After having passed through the load heat 
exchanger 38, the recirculating cabin air will be sufficiently cool to exchange heat 
effectively with the warm pressurised air from duct 29 and cause condensation and 
separation of the or a substantial proportion of the water content thereof (fiirther 
water removal being provided by the water separator 3 1 if present). 
[0036] Water separated from the warm pressurised air by the condenser heat 
exchanger 130 (and the separator 3 1 if present) is delivered by a line 13 1 to a spray 
132 in the duct from the ram air inlet 1 1 upstream of the heat exchangers 16, 18. 
This has the effect of increasing the cooling effect of the heat exchangers 16, 18, by 
virtue of evaporation of the water at the surfaces thereof. 

[0037] Figure 2 illustrates a modification of the cooling section of the system 10, 
in which components corresponding to those above described are identified by the 
same references. Certain parts, namely the water separator 31 and by-passes 56, 57, 
58 have been omitted from Figure 2 in the interests of simplicity, but it will be 
appreciated that they may be present. 

[0038] In Figure 2, the ducts 62, 66 by which recirculating cabin air arrives back 
at the mixing box 43 have been rearranged so that the recirculating air firstly passes 
through the condenser heat exchanger 130 and then the load heat exchanger 38. 
Although the recirculating cabin air will be warm, it will be substantially cooler 
than the pressurised air reaching the cooling section of the system from duct 29, and 
thus reduces the temperature of the warm pressurised air to promote the separation 
of water therefrom. In doing this, the circulated cabin air will be raised in 
temperature, and its increased energy content can then be transferred in the load 
heat exchanger 38 to the air passing from the high pressure turbine 34 to the low 
pressure turbine 41, so that energy can be recovered in the latter. 
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[0039] The inset. Figure 2a, to Figure 2 shows a modification wherein valves 
135, 136, 137 may be provided in the ducts 62, 66 together with by-pass ducts 138, 
139, operable so that the recirculating cabin air may be supplied firstly to the 
condenser heat exchanger 130 (followed by the load heat exchanger 38) or to the 
load heat exchanger 38 (followed by the condenser heat exchanger 130) as desired. 
A controller for controlling operation of the valves 135-137 is indicated at 141. 
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